In the study described in this report experiments were carried out to learn in greater detail how the calcium content of the longitudinal muscle correlated with the size of the contractile response produced in the calcium-free medium. If an excitatory drug rather than a calcium-free medium is used to induce a smooth muscle contraction an additional factor must be considered. There are indications that an extracellular pool (4, 9, 11) as well as an intracellular pool (2, 5, 7, 8, 10, 12) of calcium may supply the divalent ions needed to activate the contractile proteins.
We were interested in finding out in this study whether the extracellular calcium ions which reach the cytoplasm during a drug-induced contraction migrate inward exclusively by way of the intracellular depot or whether an alternate pathway also exists.
METHODS
The longitudinal smooth muscle used in this study was isolated from guinea pig ileum by the method described by Weiss et al. (13) . A segment approximately 3 cm long was suspended in a muscle bath which contained 10 ml of a physiological salt solution. were performed to obtain more complete information on the correlations that exist among the three factors, namely: a) the length of time that the muscle is incubated in the high-calcium medium, b) the qtanitity of calcium that is taken up by the muscle fibers, and c) the magnitude of the contractile response that is exhibited by the fibers in a calcium-free solution.
To obtain this information the following procedure was carried out. Muscles were immersed ina physiological salt solution, stimulated to contract several times with 1.4 X 10m6 M acetylcholine, and then suspended in a calcium-free solution for a period of 1 hr. A sufhcient volume of 0.9 M CaClz was then added to the muscle baths to increase the calcium ion concentration to 36 mM. Different smooth muscle preparations were incubated in this high-calcium medium for different lengths of time ranging from 5 min to 120 min. Each muscle, after being exposed to the high-calcium medium for its designated period of time, was washed for 7 min in a calcium-free solution. During this 7-min period the calcium-free solution was exchanged five times in order to remove extracellular calcium. The level of tone that the muscle fibers exhibited at the end of the 7th rnin in the calcium-free environment was recorded.
The tissue was then removed from the muscle bath, blotted, weighed, and assayed for its calcium content. Changes in the average calcium content and mcchanical activity of the longitudinal fibers brought about by progressive increases in the duration of exposure of the muscle to a high-calcium medium are shown in Fig. 1 . Calcium content is presented in the figure as the calcium (mEo _. calcium/kg wet wt tissue) that remained in the muscle after it had been washed for 7 min in the calciumfree solution. Mechanical activity of the muscle is con- Small periodic changes in muscle tone seen in the sidered to be the level of tone exhibited by the fibers at the end of the 7th min in the calcium-free solution. In every case, the amplitude of this response is presented as the percent of a reference response that was elicited in the same tissue. The reference response was the peak isotonic contraction induced in the muscle by 1.4 X 1 OS6 M acetylcholine under control conditions. The data in Fig. 1 show that as the time of exposure to the high-calcium medium was extended, the fibers took up increasingly greater quantities of calcium and displayed increasingly higher levels of mechanical activity until plateau levels were reached. The calcium content and the mechanical activity appeared to increase at a parallel rate but did not reach their respective plateaus at the same time. We found that muscles incubated in the high-calcium medium for a 30-min period underwent a large but submaximal contraction in the calcium-free environment and that longer periods of incubation in the high-calcium medium did not significantly improve the response. By contrast, the calcium content of the muscles continued to increase beyond the 30-min period and did not reach a constant value until the tissues remained in the high-calcium medium for a period possibly as long as 1 hr. These results suggest that only part of the calcium accumulated by the cell was involved in activating the contractile machinery. The variations in muscle tone produced by manipulating the cellular and extracellular calcium ion concentrations could be modified by introducing acetylcholine into the bathing fluid. This was demonstrated by loading tissues with calcium for 1 hr in a high-calcium medium and then exposing them to one of three test solutions. The test solutions consisted of: a) a calcium-free bathing medium, b) a calcium-free bathing medium which contained 1.4 X 10d5 M acetylcholine, and c) a bathing medium which contained 36 mM calcium ion and 1.4 X 10V5 M acetylcholine.
When a test solution was introduced into the muscle bath, it was exchanged three times during Representative records of the contractile responses observed are shown in Fig. 2 . The data in the figure are those obtained frorn a single muscle preparation. The records obtained were superimposed to permit a comparison of the changes in muscle tone that the tissue exhibited in each of the three test solutions. It may be seen in Fig. 2, calcium-free solution and the subsequent gradual decline of muscle tone to base-line level were recorded.
In Fig. 3 the records of the two experiments were superirnposed in a way which permits a comparison of the rates of decline of the mechanical responses starting from equal levels of smooth muscle tone. It is apparent from the records in Fig. 3 that when the fibers were immersed in the calcium-free solution which contained acetylcholine, they lost their capacity to maintain muscle -tone. The loss of muscle tone was more rapid after an extracellular source of calcium had been invoked to activate a specific response than after an intracellular source of calcium had been marshalled to activate a similar response. Essentially the same observation was made in seven other muscle preparations on which these experiments were performed. We assumed from this observation that the development of a given increase in tone requires less intracellular accumulation of calcium if an extracellular pool rather than a intracellular pool of calcium supplies the activating ions. This assumption was confirmed by measuring the calcium contents of muscle fibers subjected to the two different experimental situations. Pairs of tissues were employed for this purpose. One member of the pair was treated so that it depended for its functional capacity primarily on calcium ions that came from the external medium.
After it was incubated in a calcium-free medium for an hour, the muscle was transferred to a physiological salt solution containing 1.4 X 10-j M acetylcholine and was allowed to remain in this solution for 5 min. The muscle was then washed for 7 min in a calcium-free solution, removed from the muscle bath, blotted, weighed, and assayed for its calcium content. The second member of the pair was loaded with calcium as described above and then transferred to a calciumfree medium which contained 1.4 X 10m5 M acetylcholine. When the tone of the muscle declined to the same level as that developed by the first member of the pair (measured as percent of the reference response) it was washed for 7 min in a calcium-free solution, removed from the muscle bath, blotted, weighed, and assayed for its calcium content. Table 1 shows the results of 10 experiments. It may be seen that for a given level of smooth muscle tone obtained in the presence of 1.4 X 10m5 M acetylcholine the muscle fibers contained less cellular calcium when the response was activated by calcium ions from an extracellular pool rather than from an intracellular pool.
DISCUSSION
A number of different workers have advanced the proposal that the contractile machinery of smooth muscle can be activated by calcium ions released from an intracellular depot (2, 5, 7, 8, 10, 12). However, the relationship between the calcium content and the contractile properties of smooth muscle had not been studied. This relationship was examined in the present study by incubating longitudinal fibers from guinea pig ileum in d. high-calcium medium for various lengths of time and then determining both the quantity of calcium d. accumulated by the fibers and the level of muscle tone developed by the fibers in a calcium-free environment. We found that as the duration of exposure to the highcalcium medium was progressively increased from 5 min to 2 hr the muscle fibers took up increasingly greater amounts of the divalent ion and exhibited increasingly higher levels of mechanical activity until plateau levels were reached. The rate at which the calcium was stored in the cell paralleled the rate at which the level of mechanical activity was increased. However, the two 
